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along the undeiside of the paving. They are of course an absolute necessity
where the paving rests on a continuous layer of gravel as subsequently men-
tioned. A typical cutoff of this type is shown in Fig. 5. It is cast integrally
with the downstream panel and strengthened by ample reinforcing steel.

(i) Drainage. A drainage system is necessary under the paving to prevent
uplift from ground water or water that finds its way through the paving during
operation of the spillway. If the paving is on a rock foundation, the drainage
system generally consists of gravel-filled trenches under the paving, with
sometimes an open tile drain imbedded in the gravel. The transverse drains
of this type are usually placed along the upstream side of each cutoff, as shown
in Fig. 5. Similar longitudinal drains are also provided, forming a network
under the paving. It is sometimes advisable to locate drains at places where a
crack in the rock indicates possible
future seepage.

The drains are either relieved at in-
tervals through the paving, as indicated
in Fig. 7, or are collected into one or
more trunk drains which carry the
entire flow to an outlet at the lower end
of the chute. The latter method is pre-
ferred by some on the ground that the
small drains through the paving may
become plugged by animals, sediment, or by other obstructions. If the former
method embodying individual outlets is used, the drainage system for each
paving panel should be independent in every way of that of a panel at a lower
level, so that water entering the system at an upper level will not cause pressure
at lower levels. All outlet pipes, of the type shown in Fig. 7, should be given
a downstream inclination so that the high velocity of the water flowing in the
chute will tend to cause a suction in them.

With the trunk drainage system, the pipes should be designed to flow only
partly full for the greatest possible discharge entering at all places, in order to
insure against uplift.

If the foundation consists of poor rock or pervious earth, a 6- to 12-in. layer
of gravel is sometimes placed under the entire paving, properly relieved at
intervals by tile pipe or pipes through the paving. Care should be taken to
prevent the gravel from being washed or sucked into the pipes by installing a
graded gravel filter or screen at the entrance to the pipes. Tar paper may be
placed over the gravel to prevent the mortar from penetrating into the gravel
when the apron is placed.

Where the rock is horizontally stratified and ground water may cause uplift
on layers of rock below the apron and out of contact with the drains, drainage
holes have been drilled in the bottoms of the drainage trenches to relieve the
underpressure.

(j) Anchorages. Anchorages for the concrete paving consist of reinforcing
steel grouted into holes drilled in the rock and tied to the concrete. Tests